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Abstract
Objective: The aim of this paper is to examine knowledge organization and reasoning strategies involved in physician–patient
communication and to consider how these are aﬀected by the use of computer tools, in particular, electronic medical record (EMR)
systems. Design: In the ﬁrst part of the paper, we summarize results from a study in which patients were interviewed before their
interactions with physicians and where physician–patient interactions were recorded and analyzed to evaluate patients’ and phy-
sicians’ understanding of the patient problem. We give a detailed presentation of one of such interaction, with characterizations of
physician and patient models. In a second set of studies, the contents of both paper and EMRs were compared and in addition,
physician–patient interactions (involving the use of EMR technology) were video recorded and analyzed to assess physicians’ in-
formation gathering and knowledge organization for medical decision-making. Results: Physicians explained the patient problems in
terms of causal pathophysiological knowledge underlying the disease (disease model), whereas patients explained them in terms of
narrative structures of illness (illness model). The data-driven nature of the traditional physician–patient interaction allows phy-
sicians to capture the temporal ﬂow of events and to document key aspects of the patients’ narratives. Use of electronic medical
records was found to inﬂuence the way patient data were gathered, resulting in information loss and disruption of temporal se-
quence of events in assessing patient problem. Conclusions: The physician–patient interview allows physicians to capture crucial
aspects of the patient’s illness model, which are necessary for understanding the problem from the patients’ perspective. Use of
computer-based patient record technology may lead to a loss of this relevant information. As a consequence, designers of such
systems should take into account information relevant to the patient comprehension of medical problems, which will inﬂuence their
compliance.  2002 Elsevier Science (USA). All rights reserved.
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1. Introduction
The purpose of this paper was to examine how the
knowledge organization and reasoning strategies in-
volved in physician–patient communication aﬀect the
use, and potentially, the future design of computer tools,
such as the electronic medical record (EMR) system. We
argue that during physician–patient interaction, physi-
cians represent medical problems mostly in terms of
biomedical knowledge underlying the disease, whereas
patients represent them in terms of narrative structures of
illness. The diﬀerence between disease and illness is that
disease is the dysfunction of the body, whereas illness is
the social and moral meaning attached to this dysfunc-
tion that involves the disruption of the patient’s normal
life. The way physicians capture patient data is guided by
their disease model. However, we argue that for suc-
cessful communication between the doctor and the pa-
tient, this disease model needs to be inﬂuenced by the
illness model of the patient. This allows a better under-
standing of the patient’s perspective on his or her illness,
whichmay beneﬁt physician–patient communication and
negotiation, ultimately resulting in patient’s adherence.
The use of EMR in the clinical interview introduces
another factor that likely inﬂuences the way patient data
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is gathered and recorded, and also inﬂuences the phy-
sician’s model of the disease. In this paper, we argue that
both paper-based and electronic medical records are
cognitive artifacts that support diﬀerent forms of cog-
nition, as they are inherently involved in information
processing and decision-making in diﬀerent ways. Fur-
thermore, we examine the inﬂuence of EMR on tradi-
tional physician–patient communication. In the ﬁrst
part of the paper, the construction of disease and illness
models by a physician and a patient is illustrated by
emphasizing how communication provides data for the
building of their representations. A more detailed pre-
sentation of this study is reported elsewhere [1]. The
second part of the paper examines the physician’s in-
teraction with the EMR during physician–patient in-
terview and the eﬀects of EMR on the structure and ﬂow
of information exchange, leading to re-organization of
information.
2. The semantics and pragmatics of physician–patient
communication
The clinical interview is characterized by a question–
response exchange of information, in which the physi-
cian attempts to construct a biomedical model from the
series of events and episodes that the patient presents in
conversation [2,3]. Both participants bring to the inter-
view encounter, prior knowledge, expectations, beliefs,
and goals, which are interpreted in the context of the
situation [4]. Physicians have access to a rich, extensive
network of possible representations (e.g., disease mod-
els), which create a context that constrains the nature of
the physician–patient communication. In turn, patients
understand their illnesses by reconstructing events in
their lives in a cohesive story-like manner, based on
common sense beliefs and popular medical literature
[5,6]. They bring not only their knowledge and beliefs
about illness, but also their particular personal experi-
ences of the disease and how these aﬀect their daily lives.
The physician cannot have easy access to each patient’s
knowledge and his or her illness model. For physicians,
however, the clinical interview is a vehicle that allows
them to capture the semantics and pragmatics of the
patient problem. Semantics of the patient problem refers
to the meanings assigned to the utterances of the patient
(what the problem is about). Pragmatics refers to in-
formation in the clinical history that incorporates the
temporal sequence of events and other contextual in-
formation that constrain the interpretation of the pa-
tient problem (e.g., knowledge of past similar cases,
knowledge of rules and norms).
Networks of representations as well as the semantics
of physician–patient communication can be examined
using methods of cognitive analysis, based on proposi-
tional and pragmatics analyses. We have made use of
such methods in past research [3,5], to which the reader
is referred. In a nutshell, the methods involve the anal-
ysis of verbal data into their constituent units, such as
the proposition (a measure of conceptual understanding
consisting of a triplet concept-relation-concept), and
narrative events and episodes (e.g., sequences of logi-
cally related actions and consequences). A characteristic
of the methods is that they consist of a very detailed
analysis and representation of the conceptual models
possessed by the subjects. In this paper, we use these
methods to analyze both the patient’s understanding of
her illness and the clinical interview.
A goal of the clinical interview is to diagnose the
problem or treat the patient. In this process, patient
adherence to the recommended treatment plan is im-
portant. However, we believe that adherence can be best
achieved if the patients accept the physicians’ explana-
tions of their disorder. The clinical interview provides an
opportunity for both physician and patient to develop a
shared understanding of the problem. However, how
can the physician and the patient models be matched,
when the nature and structure of their respective
knowledge are diﬀerent? It may be argued that the data-
driven nature of physician–patient communication fa-
cilitates the construction of pragmatic aspects of the
patient problem, which preserve the complexities of the
disease (e.g., temporal unfolding or causal chain of
medically relevant events) in the context of the partic-
ular patient. Although there are surely a number of
factors, which are determinant of the physician’s con-
struction of the disease model, such as prior knowledge
of the patient, perceptions of the patient’s appearance,
and laboratory data, among others, one important
constraint lies with the data that the patient provides
(e.g., through answers to the physician’s questions).
These data, interpreted through the lenses of biomedical
and clinical knowledge, result in the formation of the
disease model. We hypothesize that both patients’ and
physicians’ conceptualizations can be captured by ex-
amining records of data-driven, natural language inter-
views.
Six patient subjects volunteered for the interviews,
which were conducted at a community clinic of the
McGill University aﬃliated teaching hospital. The
complete study has been described in a prepublication
manuscript by Patel, Arocha, and Shortliﬀe [1], where
we showed that most of the patients interviewed failed
to adhere to their physicians’ treatment recommenda-
tions. However, for the purposes of the present paper,
a description of a single representative patient’s pro-
tocols will be described in some detail. The study in-
volved three stages: ﬁrst, interviews with patients prior
to their visits to the physicians, were collected in the
clinic’s waiting room; second, physician–patient inter-
views were recorded; and third, a second set of inter-
views were collected three months after the visits. The
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audio-recorded interviews and interactions were then
transcribed and analyzed using semantic methods of
analysis. Both patient’s and physician’s protocols were
analyzed in terms of their narrative and causal struc-
tures. In this analysis, the protocols were segmented
into episodes, which were divided further into sets of
events. An episode is a set of circumstances ordered as
a sequence of events in a causal chain; patients report
several episodes in the process of telling a story about
their condition (e.g., when they ﬁrst noticed the con-
dition, how they noticed it, etc.). We will present the
data in two forms, ﬁrst unedited excerpts from the
patient’s interview and from the physician–patient in-
teraction; and second, ordered sequences of events
(episodes). The reason for presenting the results in this
way is that whereas the excerpts present the patient’s
actual descriptions of events, the ordered sequence of
events gives the temporal logic between events that
both patient and physician use in accounting for the
patient problem, allowing comparisons between the
patient’s and the physician’s explanations.
3. Cognitive analysis of physician–patient interaction
The data presented in the ﬁrst part of the paper
was based on a study [1], where several patients were
interviewed before and after their visit to their phy-
sicians. In this study, it was shown that patients and
physicians generated parallel stories of the patient
problem. The physicians’ descriptions centered on
bodily mechanisms whereas patients’ descriptions were
in terms of the limiting eﬀects of illness for daily
living. Furthermore, the cognitive strategies physician
and patient used were also diﬀerent. Physicians’
strategy for reaching conclusions on their patients
consisted mainly of the heuristics of ‘‘representative-
ness;’’ that is, searching for ﬁts between symptom
descriptions and typical diagnoses. In contrast, pa-
tients relied mostly on the heuristics of ‘‘availability;’’
that is, the saliency of prior events as these related to
their current problems (the reader is referred to [1] for
more information).
In this paper, we will walk the reader through one
case, involving an exchange between a female patient
and her physician. We use excerpts from the patient’s
and physician’s protocols to illustrate descriptions of
events and event sequences that show their underlying
explanations. The patient, an English-speaking Cana-
dian, is a 72-year-old female who has a past history of
heart trouble (two heart attacks in the last 10 years)
and is currently being treated for angina with the
prescribed drug, Inderal. The patient had been recently
treated in the hospital for pneumonia and had been
given antibiotics for a related cold. She had been out of
the hospital for approximately three weeks. Ten days
after her release from the hospital, while shopping with
her husband, she collapsed in the store. She was treated
by the ambulance physician and taken to the hospital
where she was released shortly after the treatment. At
this time, the collapse was diagnosed as resulting from
an excessive amount of Inderal the patient was taking.
A similar incident happened a week later. The patient
was taken to hospital, where EKG results indicated
that her collapse was not caused by her heart problem.
At this time, the ambulance physician told her to stop
taking the Inderal until her family physician could see
her. One week after this incident, the patient had an
angina attack that subsided after she took several ni-
troglycerine tablets. The next day, she visited her
physician.
Patient’s prior representation of her illness. In the
patient’s ﬁrst interview with the researcher, conducted in
the clinic’s waiting room, she recounted a series of epi-
sodes, through which she revealed her conception of her
medical problem. She described an episode that oc-
curred during Christmas time, which led to her being
taken to hospital. On a very cold winter day, while ﬁn-
ishing her Christmas shopping, the patient fainted in the
store; something she attributed to her wearing heavy
clothes. This incident was followed, a few days later, by
a similar situation at another store, where she fainted
again. Since then, the patient stopped going outside on
her own, which limited her mobility and independence.
For the patient, the main concern was that the illness
(the two episodes of fainting and the subsequent physi-
cal and psychological consequences) disrupted her daily
life and she complained that she could not carry on her
normal life. Furthermore, in attempting to explain her
illness, she could not understand why she was so sick,
since she did not have any major medical event, such as
a surgical operation.
In this regard, the patient’s explanation of her
illness was a story-like account in terms of events in
her life, where the speciﬁc features of the disease were
less important, and the focus was on the disruptive
eﬀects of the disease. The patient sought insight into
why the illness was aﬀecting her (the ‘‘Why me?’’
phenomenon):
I was very active and I have a big house, of course, nevertheless
my house is kept in order and I do the cooking for the two of
us, and I was always on the go. I take a cane now, just for this
weather, but not for the summer time, and there would be no
question of whether I should go [out] or not. I would just get
up and go but now I don’t have the spirit in me, and I don’t
know why. I mean, I didn’t have a drastic operation or any op-
eration, I could understand after an operation.
The patient’s description carries no indication of her
understanding of the biomedical aspects of her disease.
Instead, it stresses only the sequence of episodes that led
to her present condition and the consequences of her
illness for her lack of ability to carry out daily activities.
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Physician–patient dialog-relationship to prior repre-
sentation. What happens to the types of patients’ con-
cerns when they interact with physicians? Are they
ignored or taken into account in physicians’ explana-
tions of the patient’s problem? Our case provides in-
sights into the way physicians respond to patients’
concerns about their illnesses. When the physician asked
her about her problem, the patient reiterated her in-
ability to function in daily life and to complete every-
day tasks. The problems that followed were all aimed at
gathering speciﬁc signs and symptoms associated with
the patient’s medical condition (e.g., presence of palpi-
tations, chest pain, degree of breathing diﬃculty, pulse,
and loss of consciousness). By focusing on clinical data,
the physician is constructing a representation of the
problem that allows him to determine a clinical expla-
nation that is independent of the patient’s main con-
cerns. Meanwhile, the patient emphasizes the event that
led to her visit to her doctor:
I’m home ten days after being in the hospital, so I feel it’s time
to go out and get a few Christmas cards. You know, for friends
of mine, so we went downtown to The Bay (a department
store). I will never go to The Bay again because that is my most
unfortunate store. Anyway, he [her husband] is standing in line
paying for the cards and I don’t know what happened but I fell
to the ﬂoor. They called the ambulance and they took me to
the . . . [hospital] . . . and they checked me out there and I was
there for about ﬁve hours, I think, and I told them about having
ﬂuid in my lungs and so on and so fourth, and they said my
lungs seem to healthy and I said ‘‘yes, I think they are getting
better.’’ And why did I black out? And they said ‘‘you couldn’t
stand up probably under your own power’’, which is true, you
know.
The patient continues with the description of another
episode, where she felt weak while shopping at another
store. In this case, the patient’s explanation of her illness
is in terms of associations among various events, as she
remembers them. In their account, the patient describes
the series of events in such a way that led her to conclude
that the angina attack was due to the stopping of the
medication, Inderal. The patient’s account can be sum-
marized in terms of the following event sequence, which
takes place over several weeks:
Event 1. Experiencing chest pain and subsiding after
taking nitroglycerine tablets.
Event 2. Taking nitroglycerine tablets resulted in pain
subsiding.
Event 3.Not experiencing any anginawhile on Inderal.
Event 4. Experiencing pain only after stopping Inderal.
In contrast, the physician’s explanation, constructed
from the patient’s responses to clinical questions, re-
vealed the following sequence of events:
Event 1. Patient dressing too warmly causing a rise in
body temperature.
Event 2. Taking a high dose of drug causing vasodi-
latation of blood vessels and a drop in the blood pres-
sure (BP).
Event 3. Dropping in BP and overheating causing
weakness and collapse.
Event 4. Sudden stopping of Inderal contributing to
angina attack.
There are two components to this explanation: (a) the
temporal description of events and (b) the causal ex-
planation of problem. The data gathered from the
patient drove the construction of the ﬁrst component,
since most of the physician’s explanation reﬂected the
responses to questions asked in the physician–patient
interview. The physician’s biomedical and clinical
knowledge are responsible for the causal components of
the explanation, leading to the patient’s weakness and
collapse. Based on this explanation, the physician’s
recommendation at the clinic was that she (the patient)
continue to take the Inderal, but on a decreased dose.
When both explanations from patient and physician
are compared, it is evident that although the patient’s
account is explanatory, it lacks the biomedical causal
structure of the physician’s account. The patient’s ac-
count is based on a sequence of events where the asso-
ciations are made on the saliency of information, as the
patient remembered it. For instance, the lack of pain
while the patient was on medication alone was used to
provide a causal understanding of her illness, without
indicating how stopping the drug could have caused the
angina pain. Although in this case the two events are
related—in that stopping the drug contributed to
the angina pain—the patient made this relationship on
the basis of the temporal saliency of the events alone.
Had there been another, causally unrelated but salient
event, then this would have been taken into account in
the patient’s explanation. The use of such types of ex-
planations by lay people has been called ‘‘opportunis-
tic,’’ because they tend to be adjusted to meet the
demands of the situation [7]. If circumstances change
(e.g., the co-occurrence of an unrelated event), then
explanations also change [5] to take new factors into
account.
Explanations of illness by lay people are generated in
an attempt to look for answers to their disruption of
normal daily activities. Such explanations consist of the
narrative sequence of events and the consequences of
such events for the patient’s daily life, where associa-
tions are made between events based on ‘‘surface’’
similarities (e.g., spatial or temporal contiguity). This
contrasts with scientiﬁc and technical explanations,
which are characterized by a commitment to high
standards of logical consistency, and where associations
among events are made based on knowledge of the un-
derlying processes. In this case, variable circumstances
may be taken into account, but only after careful con-
sideration of their importance in providing a scientiﬁ-
cally valid explanation.
Post-interaction interview. When the patient was in-
terviewed three months after the visit to the physician,
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she revealed that she had been feeling well since her last
visit. However, she was skeptical about her recovery
being due to her taking a lower dose of Inderal, as
suggested by her physician. Instead, she attributed her
recovery to taking B12 vitamins. The patient explained
this on the basis of her meeting another woman, who
although older than the patient, was very active, alleg-
edly due to taking vitamins. The patient explains:
No, you see, you don’t need all these pills, a mixture of all these
pills is not good. We went to this wedding and it was this wo-
man; she was older than me and she was dancing around and
apparently she takes this B12.
Although taking vitamins may have helped the pa-
tient feel better, her explanation was again made on
the basis of associating these two events (i.e., meeting
this older but healthier woman who was taking vita-
min B12 and the patient taking the vitamins herself),
while disregarding the fact that she was also taking
Inderal.
The fact that patient and physician generated such
diﬀerent problem representations creates a mismatch
between their interpretations of the problem,
which may help explain this patient’s skepticism and
lack of adherence to treatment. As reported by Patel,
Arocha, and Shortliﬀe [1], of the six patients who
were interviewed for the study, ﬁve failed to adhere to
the physician’s recommendation regarding lifestyle
changes (regardless of the accuracy of the physician’s
diagnosis).
3.1. Summary
We can summarize the results and implications of the
study in the following general statements: (1) Both
physician and patient generate mental models of the
patient problem, which serve to tell stories about the
problem. (2) The physician’s mental representation of
the patient problem centers on the biomedical under-
standing of the disease, whereas the patient’s represen-
tation centers on the consequences of the disease for the
patient, in particular about the disruption of his or her
daily life. (3) The prior beliefs held by patients play a
fundamental role in their understanding of their disor-
der and in their future adherence to the physician’s
prescribed treatment and disease management plan. (4)
The conventional interview (unmediated by technologi-
cal devices such as EMR) is data-driven. That is, the
data gathering process is constrained by the patient data
in combination with the physician’s prior domain
knowledge and the disease model of the disorder.
Previous research into the nature of physician–patient
dialog [3] has examined the dialogue and information
exchange during doctor–patient interactions. This re-
search supports the ﬁnding that the physician controls
the ﬂow of information and questioning, which is largely
data-driven. As physicians interact with patients, as in
the standard clinical interview, paper charts are used to
annotate the patient problem and the relevant decisions
made by the physician. With the widespread use of
technology, the format of the interview has changed.
Electronic medical records (EMRs) are increasingly
used in place of paper records. In the next section, we
present the results of studies that investigate the role
that EMR plays in physician–patient communication.
4. Physician–patient communication and electronic med-
ical records
Electronic medical records have the potential to en-
hance the eﬃciency of the physician–patient interaction,
facilitate the electronic entry of information, and allow
for more timely access to information at the point of
care [8]. However, recent research has shown that the
use of EMR systems may also have enduring eﬀects on
fundamental human reasoning and decision processes
involved in health care [9]. In this section of the paper,
we examine how the physician’s interaction with the
EMR during physician–patient interviews aﬀects the
structure and ﬂow of information exchange and leads to
re-organization of information recorded in medical re-
cords. Our approach draws from previous research in
the study of physician–patient interaction [3] and ex-
tends it with recent advances from the area of human–
computer interaction [10]. In this section, implications
of our research are discussed in relation to how the
structure of an EMR can aﬀect information gathering,
in particular the acquisition and recording of informa-
tion that may be relevant to understanding the patient’s
perspective and problem. Although there are currently a
wide range of types of computerized patient records,
with diﬀerent formats and knowledge organizations, the
studies described below do illustrate the potential im-
pact such systems may have on essential aspects of
physician–patient communication and health care
problem solving.
Analysis of process of physician–computer interaction.
To study the eﬀects of use of an EMR on the nature of
information recorded in patient records, the contents of
both paper- and computer-based records were analyzed
to identify the nature of medical information recorded
(e.g., past medical history). In our initial studies, we
compared the contents of patient records made by hand
with records created using an EMR. The EMR system
used in the studies was a pen-based system organized
into twelve major components corresponding to sections
of the interview (e.g., history of present illness, review of
systems), with templates for entry of speciﬁc informa-
tion such as chief complaint [11]. The physician could
scroll down the screen and enter information into cor-
responding sections of the EMR using the electronic pen
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or selecting from checklists on the screen to enter patient
information. In our ﬁrst study along these lines, 20 pa-
tient records were collected for detailed analysis, con-
sisting of 10 EMRs and 10 paper records. The records
were made by the same physician and matched for age,
sex, and nature of the patients’ problems. The analysis
involved subdividing the contents of both the EMR and
paper records into segments consisting of individual
pieces of information and then classifying each segment
as belonging to one of the following categories: chief
complaint, past medical history, lifestyle, psychosocial
proﬁle, family history, history of present illness, review
of systems, physical examination, diagnoses, investiga-
tion, and treatment. For example, the sentence ‘‘Sixty-
ﬁve year old male, who had a history of polynuria/
nycturia and fatigue’’, which was entered into a paper-
based record by the subject resulted in identiﬁcation of
four segments: one item corresponding to the patient’s
age and three other items corresponding to the patient’s
fatigue and history of polynuria and nocturia. The
contents of the EMRs were also analyzed in terms of the
items of information they contained in the same manner.
Coding of the content of the records was done by two
judges, who independently coded the records separately,
with a high degree of agreement and any discrepancies
being resolved through subsequent discussion and
agreement of the raters. The study then involved com-
paring the types and frequency of information recorded
in paper and electronic forms of patient records [9].
Data were also collected from physicians’ interactions
with patients while using an EMR system. In this line of
research, the physician–patient interactions were re-
corded for 16 physicians. During the interviews, the
EMR screens seen by the physicians were redirected to a
VCR and recorded on video tape, thus, capturing all the
physicians’ interaction with the EMR (e.g., mouse
clicks, selection of information on the computer screen,
etc.). The actual physician–patient verbal exchanges
were captured from a microphone connected to the
audio input of the same VCR. The result was a complete
record of what the physicians were doing on the com-
puter while interviewing their patients [11]. Individual
verbal exchanges between the physician and the patient
were identiﬁed and grouped into episodes dealing with
similar medical topics (e.g., history of present illness) [9].
Our objective was to assess how the EMR aﬀects the
interaction between the physician and the patient and
more speciﬁcally to examine the role EMR plays in
processing natural language information during physi-
cian–patient interactions.
4.1. Impact of EMR on information gathering and
reasoning
When comparing the contents of the EMR with pa-
per-based records, a number of diﬀerences are apparent.
Overall, there was a loss of information associated with
use of the EMR as compared to paper-based records [9].
When seven physicians were asked to enter the same
patient information in both EMR and hand-written
paper records, it was found that there were signiﬁcant
diﬀerences in the nature of information recorded (i.e.,
diﬀerent information categories are emphasized in the
two types of records). To conduct this research, we co-
ded the contents of both the hand-written and paper
records by segmenting them into information items and
classifying them according to the categories described
above (i.e., chief complaint, past medical history, life-
style, psychosocial proﬁle, etc.). It was found that EMR
records contained a greater amount of information
about the patient’s chief complaint and presenting
medical problem than their paper-based hand-written
equivalents. In contrast, EMR records contained less
information about the temporal sequence of events than
the paper-based records. The transition from paper to
EMR records was associated with fundamental changes
in the way that information was recorded. Speciﬁcally,
use of the EMR was associated with a change from the
entry of information as a connected narrative in the
paper record, to entry of information as discrete infor-
mation units in the EMR. To illustrate this, the fol-
lowing is an excerpt from the beginning of a paper-based
record created for a diabetic patient, made before the
physician had been exposed to an EMR:
Patient is 47 years old and is known to be a diabetic for one
year, but possibly for longer. He has fatigue, drowsiness, poly-
uria and nycturia. He was discovered to have diabetes and has
been treated by Glucophage and Diabeta since that time. He
had an opthamologic evaluation but no renal examination. In
1973 he stepped on a nail, and since that time had 30 operations
for repeated infection.
In contrast to the above paper-based representation,
which consisted of a connected narrative, the electronic
records consisted of discrete, unconnected units of in-
formation. This is illustrated in the excerpt below,
showing the beginning portion of an EMR record made
by the same physician for a similar diabetic patient:
CHIEF COMPLAINT: Type II diabetes mellitus
PERSONAL HISTORY
SURGICAL: cholecystectomy: Age 50 years old





Sig: 1 tab(s) Oral before breakfast
Our work in the analysis of physician–patient–com-
puter interaction has been aimed at explicating the na-
ture and source of diﬀerences in information recorded at
the point of encounter between the physician and
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patient. Use of the EMR system appears to have a
strong impact on the nature of information gathered
and entered into the patient record, with the order of
categories and terminology provided by the system to a
large extent driving the ﬂow and management of infor-
mation during the patient encounter [12].
The excerpt below shows a coded section of a phy-
sician’s interview with a patient, while the physician
interacted with the EMR to enter information. Also
indicated are the corresponding actions taken by the
physician while interacting with the EMR system during
the physician–patient interview, and the category of in-
formation the physician was viewing on the screen. This
physician was a novice user of the EMR, who had begun
using the EMR to enter patient cases for several months,
and was not yet using the EMR for entering all cases:
Computer Action—Physician scrolls down the com-
puter screen to ‘‘Lifestyle—Habits’’ (EMR category #3)
Physician: ‘‘There you go, habits, you don’t smoke,
and your diet?’’
Patient: ‘‘You’ll have to call it zero anyways, not even
occasionally’’
Computer Action: Physician selects EMR category
‘‘cigarettes’’, checks oﬀ ‘‘zero’’
Computer Action—Physician scrolls down the com-
puter screen to the next category displayed ‘‘Psycho-
logical Proﬁle’’ (EMR category #4)
Physician: ‘‘Fine, and you went to school till you were
a hundred and ﬁfty?’’
Patient: ‘‘Ha, ha, no I was twenty-one’’
Computer Action—Physician selects EMR category
‘‘schooling’’, checks oﬀ EMR category ‘‘college’’
Computer Action—Physician scrolls down the com-
puter screen to next category displayed ‘‘Family His-
tory’’ (EMR category #5)
Physician: ‘‘Does anyone in your family have diabe-
tes?’’
Patient: ‘‘My mother and grandmother also had’’
Computer Action—Physician selects EMR category
‘‘mother’’, checks oﬀ ‘‘diabetes’’
The excerpt above is very typical of novice users’
interaction with the EMR during the physician–patient
interview. The order of the screens and information the
computer displayed appeared to drive the dialog with
the patient, with a close correspondence between the
content and order of information presented on
the computer screen and the information requested by
the physician. In the example, the physician continually
scrolled down the screen and asked questions in the
order they appeared on the screen, a phenomenon which
we have termed ‘‘screen-driven’’ behavior [11]. The
physician started with category 3 of the EMR on Life-
style—Habits, then scrolling sequentially through cate-
gories 3, 4, and 5 of the EMR. In addition, the topic of
the verbal exchanges also corresponded to the section of
the EMR that was being accessed at that time (e.g.,
discussing lifestyle with patient, while entering data into
the EMR about lifestyle).
In contrast, the interaction of a highly experienced
(expert) user of the system was characterized by a con-
sistent topic of verbal exchanges, which is typically ini-
tiated by the physician. During the verbal exchange, the
expert user moved throughout the EMR system in a
non-sequential fashion. For example, one expert user at
ﬁrst entered information into the EMR about medica-
tion (category 11 of the EMR), followed by history of
present illness (category 6). Next, the physician scrolled
down to the category 8 to examine information related
to the verbal discussion (i.e., physical examination).
Then, during the last exchange (dealing with the topic of
physical exam) the physician scrolled back to the section
on the history of present illness (category 6) and entered
information about the medication taken. This non-lin-
ear sequence of actions on the computer was typical of
experienced users.
Use of the EMR can lead physicians to change their
interaction with patients in diﬀerent ways, depending on
their familiarity and knowledge of the system and their
personal style in conducting patient interviews. From
data we have collected examining the adjustments of
physicians to EMR technology, we have found that
some physicians use the EMR as sparingly as possible
during the physician–patient interview, with a subse-
quent phase of data entry once the patient has left the
oﬃce. This approach, in addition to being time con-
suming, appears to be associated with introduction of a
number of errors, including entry of incorrect informa-
tion due to the time elapsed until the data are entered,
given the limitations of the physician’s memory. A sec-
ond approach, more typically adopted by more experi-
enced EMR users, was to focus considerable attention
on using the EMR during the interview; however, this
may be associated with errors resulting from a lack of
concentration on the actual verbal exchange. It should
be noted that the most experienced EMR users we tested
appeared to be skillful enough to manage the use of the
EMR in a sophisticated manner while at the same time
maintaining a high level of verbal communication with
the patient.
4.2. Summary
EMR systems can profoundly aﬀect the nature of
physician–patient interaction. Speciﬁcally, their use may
be associated with changes in the order and type of
questions the physicians ask their patients, which may
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be driven to a large extent by the way the information is
organized in the EMR (particularly for novice users of
the EMR). EMR use may also be associated with in-
formation loss, in particular, EMR systems we have
studied typically contain less information from the pa-
tient’s perspective (including less information about
temporal events) than paper-based records. The transi-
tion from paper-based records to EMR may also be
associated with a shift from representing patient infor-
mation as connected narratives in paper records to the
recording of distinct medical ﬁndings in the EMR. EMR
systems are becoming increasingly integrated with other
medical information technologies, particularly the
widespread use of Web-based technology [13]. However,
designers of information technology will need to be
sensitive to the role of patients’ understanding in phy-
sicians’ decision-making process in order to facilitate
eﬀective and safe physician–patient communication.
5. General discussion
In data-driven clinical interviews, the physician con-
structs a representation of the disease model, based on
the signs and symptoms from the patient. Within the
constraining perception of the doctor, the interview is
therefore data-driven. This has some important advan-
tages for the generation of medical records. Given the
data-driven nature of the clinical interview, it provides
an opportunity for capturing the narrative character of
the illness model as presented by the patient, of which
the temporality of the disease process is also of medical
signiﬁcance. However, given the medically centered ex-
planation provided by physicians and the illness-cen-
tered narrative provided by the patients, there is a
failure to map the two kinds of information onto each
other. For example, in the problem described in the ﬁrst
part of this paper, the new information presented in the
interview with the physician did not match the prior
knowledge of the patient about her own problem. The
physician’s focus on the necessity of maintaining the
patient’s treatment (i.e., taking Inderal) led to not con-
sidering other explanations for the problem (e.g., such as
the possibility of anemia). Once the patient data ﬁt with
the hypothesis, the physician appeared to have stopped
further processing of the case. In turn, the patient’s
representation of her own problem remained stable. Her
concern was the same and consistent both before and
after the interview with the physician. The concern for
weakness and subsequent disruption of daily life is what
brings the patient to the physician in the ﬁrst place. This
argues for the need to access patients’ prior conceptual
understanding of the problem to obtain better adherence
with the prescribed treatment. There needs to be a way
of capturing this information in the patient record.
Methods currently exist that can capture such tempo-
rality [14,15] and that can be used in the design of
electronic medical record systems. Furthermore, as
Wensing et al. [16] have recently shown, two aspects of
the clinical interview can be diﬀerentiated: patient-cen-
tered communication, which involves the physician’s
attempt to understand the patient illness model, and
shared decision-making. The study shows that these two
components are only weakly linked. It may be that to
improve patient adherence, it would be necessary to
improve not only the process of patient-centered com-
munication but also the process of shared decision-
making. How to use this information, however, for the
design of EMRs is an open question.
Use of computer-based patient records appears to be
associated with fundamental and complex changes in
both the physician–patient interaction and the resulting
recording of information. EMR systems typically focus
on the recording of physician-centered medical ﬁndings
and information. In the system described in this paper,
this takes the form of entry of discrete units of infor-
mation. In contrast to the paper record, there is infor-
mation loss with EMR use in several ways. First, the
narrative nature of the hand-written paper record is lost
to varying degrees in current EMR technology. Included
in this reduction of information is potentially relevant
information regarding the patient’s perspective on their
diagnoses, health, and prior beliefs. Second, when the
actual process of physician–patient–computer interac-
tion is examined, the additional narrative information
does not play a major role in structuring information in
the EMR. Given the relationship between the patients’
understanding of their illnesses and adherence to phy-
sicians’ advice, it is important that this conceptual as-
pect be captured in the EMR (at least on the ﬁrst visit
and be subsequently available). It appears that many
current EMR systems do not support such a capability.
Third, the loss of contextual information can result in a
record that may be hard to reconstruct in terms of
meaning and connecting information. Fourth, this often
linear organization leads to reasoning, which is driven
by the structure of the system instead of the patient’s
own story, particularly for new or inexperienced users of
the EMR. Studies of medical reasoning by experts and
novices have shown that reasoning driven by patient
data is a hallmark of successful diagnostic problem
solving [17]. Such a reasoning pattern is acquired
through clinical practice, which forces physicians to use
it in practice. EMR systems that impose an overly
structured data gathering format can be improved by
the use of system components that facilitate the cap-
turing of patient’s narrative model of illness. Finally,
our study describes the use of one particular EMR in
one speciﬁc medical unit, but the detailed nature of our
analyses shed light on the fact that the kind of processes
involved in interacting with paper and electronic records
may be diﬀerent. The precise nature of these processes
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may vary with diﬀerent EMRs, but the general phe-
nomenon still remains the same. The next step would be
to test the extent to which such phenomena are present
in diﬀerent conditions (i.e., by examining various EMRs
and diﬀerent medical domains).
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